Introduction
This special issue on Ethnobiology Through Song celebrates the age-old power of music to express and enforce the intricate relationships among humans, other beings, and their ecosystems. Music is, as Ogwi'low'gwa notes, our very heartbeat and part of our shared ancestry. It is so woven into our ancient fabric that fundamental aspects of music are understood cross-culturally (Mehr et al. 2018 ) and, in fact, are understood by other living beings Journal of Ethnobiology 2019 39(3): 337-353 coevolved (Cross 2003; Gavin et al. 2015; Hill et al. , 2016 Maffi 2005) . In fact, beginning with Plato and Aristotle, scholars have suggested that the origins of music stem from the practice of imitating or echoing sounds and rhythms emerging from the natural world (Doolittle 2008; Lawergren 1988; Montagu 2017) . Not surprisingly, some of the earliest musical instruments were used to communicate with animals, either to call or repel them (Lawergren 1988) .
Today, sounds of nature continue to inform, infuse, and inspire the music and singing of many different cultural groups across the world (Feld 1990; Levin and Süzükei 2010; Pegg 2001; Petrovic and Ljubinkovic 2011) . Both verbal and non-verbal mimicry of natural sounds are common in songs used in shamanic communication with the spirits governing the natural world (Gutiérrez Choquevilca 2011; Hoppál 2002) or to attract animals during hunting (Sarvasy 2016; Welch 2015) . Knowledge of the non-human natural world is not only encoded in the animal and plant sounds that are often replicated vocally, but also in the lyrical content of many traditional songs (Forth 2017; Hutchins this issue; Nabhan 2003; Sato et al. 2018) . Detailed content analyses of song texts in many different cultural contexts have shown that music is an untapped library of rich ethnobiological knowledge and biocultural memory, embedding important social, physical, emotional, and spiritual ties to local ecologies (Herrero and Cardaño 2015; Mekbib 2009; Thornton et al. this issue; Trigger 2008) .
Despite the many important contributions that music can make to our understanding of human-nature interrelations, the majority of research on the ethnobiological contexts in which songs are performed and transmitted comes from the field of ethnomusicology (e.g., Post 2019; Turpin et al. 2017) . Ethnomusicologists have long recognized the important role that music plays in building cultural identities (Balzer 2016; Bracknell 2015;  flow. He sang of the seasons, the beings of the land and the sea, the movement of the stars, and the First Peoples to come to the earth. Like the rich song tradition carried by Kwaxsistalla Wathl'thla, the collection of papers in this special issue also demonstrate the importance of songs in maintaining, sharing, and enhancing ethnobiological knowledge amongst Indigenous Peoples and local communities worldwide ( Figure 1 ). By celebrating the power of song in this way, we honor Kwaxsistalla Wathl'thla and all the keepers of ancient songs around the world.
Music as Biocultural Diversity
Given the age-old and global importance of song, it is no surprise that music has been a long-standing focus of scientific inquiry. Since Darwinian times, for instance, the evolutionary function of music has been a subject of caustic debate (e.g., Darwin 1871; Honing et al. 2015; Huron 2001) . More recently, groundbreaking work from multiple scientific disciplines is unveiling the universal power of music and its far-reaching influence both on humans and non-humans. This influence ranges from music's undeniable healing effects (Leardi et al. 2007; MacDonald 2013; Pothoulaki et al. 2008) to its centrality in supporting expressions of emotion that transcend cultural divides (Savage et al. 2015; Sievers et al. 2013) to its ability to foster communication with non-human life forms (Sakakibara 2009; Simonett 2016) .
Although elements of music and song are shared across cultures, songs and music are as diverse as the peoples, times, and places from where they emanated (Brown et al. 2013; Le Bomin et al. 2016; Rzeszutek et al. 2012; Trehub et al. 2015a Trehub et al. , 2015b . Consequently, music is recognized as an essential constituent of the diversity of life on Earth (Grant 2012a; Savage et al. 2015) . The diversity of the world's musical traditions is, thus, enshrined in the concept of biocultural diversity, which encompasses a wide array of inter-related biological, cultural, and linguistic manifestations that have most probably Clan Chief Kwaxsistalla Wathl'thla (Adam Dick) held the rights to the Atla'gimma dance complex, and in 2010 "opened his Gildas" (box of treasures) for the 33rd Annual Society of Ethnobiology Conference (Victoria, BC, Canada). Through dla'wil'killa (Chiefly potlach prerogative) Kwaxsistalla Wathl'thla demonstrated his adoption of ethnoecologist Dr. Nancy Turner by bringing out his most treasured possession, the Spirits of the Forest, for conference participants to witness. This dance complex is a re-creation of a vision received by an ancestor, and through song, chants, and dance, tells of the intricate relationships between the natural and supernatural realms of humans and the forest beings. The 45-minute dance uses highly structured sequences of chants (yillokin), songs, and precise beats on a redcedar log drum (icalalicu). An important, yet covert part of this ceremony is Kwaxsistalla Wathl'thla praising and thanking icalalicu for helping transport the sacred chants and songs into our earthly realm. (Photo: Robert Turner). Australia, for instance, songs are considered to be a central repository of Aboriginal knowledge, including about the relationships of people with non-human beings (Curran et al. this issue; Ellis 1985; Turpin and Laughren 2013) . Songs have been described as mnemonic codes that hold information on the ecology of landscapes and species used by different human communities (Bracknell 2014; Ranspot this issue) . They can also hold information on the management practices and moral principles to safeguard local ecosystems and particular plants or animals (Reyes-García and Fernández-Llamazares this issue; Turner et al. 2013a ), such as the ancient Mayans practice of using song to transmit knowledge on how to maintain soil fertility (Capra et al. 2017; Wells and Mihok 2010) . In many Indigenous cultures, certain words, terms, linguistic expressions, and phrases occur only in sung language and not in spoken discourse (e.g., Feld 1990; Miyashita and Shoe 2009; Turpin 2007) . Because of this, songs are also an important repository of language (Crate this issue; Grant 2012a; Turpin and Stebbins 2010). Traditional songs can, thus, be understood as rich systems of embedded knowledge and a powerful expression of local cultural values and worldviews (Post 2019; Thornton et al. this issue; Walker 2003) .
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As repositories of knowledge, songs are a powerful venue through which Indigenous Peoples and local communities shared and continue to share knowledge inter-generationally (Koch 2013; Nyota and Mapara 2008) . Sometimes this knowledge is of relevance to the entire community and is shared in public performances (e.g., Post this issue); in other instances, the knowledge is passed on only within the family (e.g., Thornton et al. this issue) . In some cases, the songs must be repeated verbatim and, in others, although they are based on tradition, they can be improvised to particular contexts (e.g., Crate this issue). Adapting the knowledge and lessons embedded in traditional songs to today's changing environmental Koch 2013), ensuring the continuance of distinct epistemic traditions (Nyota and Mapara 2008; Seeger 2016; Silvers 2015) , and fostering a deep sense of place amongst many Indigenous Peoples and local communities (Richards 2007; Roseman 1998) . With ethnomusicology often understood as "musical ethnography" (e.g., Moyle 2001; Wafer and Turpin 2017) , we could argue that, with ethnobiology, it shares a relatively synchronic focus and a general toolbox of methods that could be harnessed to foster enriched interdisciplinary collaboration and dialogue. A similar point has been made in relation to soundscape ecology and how an increased focus on sound could open new avenues for ethnobiological research (Wright 2017) .
The pioneering work of ethnomusicologist Steven Feld, documenting the rich layering sounds of the tropical rainforest as an essential part of Kaluli musical traditions in Papua New Guinea (Feld 1990 ), paved the way for a rich scholarly tradition examining the biocultural depth embodied in music throughout the world. Continuing with this incipient, yet rapidly growing body of research, this heartfelt collection aims to show how ethnobiology is transmitted through song. It highlights not only the role of music in the intergenerational transmission of ethnobiological knowledge and traditional ecological management practices, but also in cultivating a sense of place and fostering emotional connections with the land. In the following sections, we explore further some of the many areas in which studying songs and music through an ethnobiological lens can bring into focus the multi-dimensional relationships among humans and their biological worlds.
Songs as a Repository of Ethnobiological
Knowledge As several of the papers in this special issue demonstrate (e.g., Post this issue), songs are storehouses for ethnobiological knowledge and practice (see also Schniter 2014; Seeger 2016; Silvers 2015) . In Traditional songs are also a rich source of ethnozoological knowledge (Moyle 1986; Nabhan 2003; Sato et al. 2018; Si and Turpin 2015; Trigger 2008) and, in many different cultural contexts, birds are symbolically represented in songs (Anderson 2017; Forth 2017; Sugawara 2001) . Many traditional songs encode knowledge about wild pollinators (Athayde et al. 2016; Fijn 2014; Hill et al. 2016) , such as the prayers and songs performed while honey collecting in Southeast Asia and the Indian sub-continent (Buchmann and Nabhan 1996; Demps et al. 2012) . In northern Thailand, the traditional songs of the Karen people (locally known as hta) underscore not only the Karen's detailed knowledge about bees, but also the commu-conditions is centrally important to cultural continuity (e.g., Gillreath-Brown this issue). For example, some works have looked at the effects of climate change as manifested in song (e.g., Sakakibara 2009 Sakakibara , 2017 .
There are many examples of traditional songs worldwide that encode ethnobotanical information (e.g., Ahmed et al. 2019; Herrero and Cardaño 2015; Mekbib 2009; Saha et al. 2014) . Such songs reveal a range of ethnobotanical relationships, including the symbolic and cultural values of plants (Kumar et al. 2005; Stewart 1984; Zahn et al. 2018) or observations about plants' seasonal cycles (e.g., Hart and Salick 2017) . The depth and breadth of ethnobotanical knowledge encompassed within traditional songs is well illustrated by Nabhan's (2004) In addition to songs, musical instruments are also repositories of vast ethnobiological knowledge (Gras et al. 2016; Rancier 2014; Widjaja 1980) . This knowledge is embedded in the many stages of an instrument's life-from the ritual and mundane choices made about sourcing and harvesting of raw materials to the instrument's final crafting, use, and eventual discard (Gillreath-Brown this issue). Embedded in those choices are complex systems of ethnobiological knowledge and practice, sometimes held by many and sometimes only by specialists (Dawe 2015; George 1993; Impey 2006) . While the ethnobiology of traditional instrument-making in many Indigenous and local communities is relatively well known (e.g., Gras et al. 2016; Jain 1965; Platt et al. 2009; Puri and Chaturvedi 2008) , archaeologists are often not privy to the ethnobiological contexts in which such materials were harvested, crafted, or even used (Both 2008; McKillop 1996) . In some cases, ethnographic records have been called upon to fill in these contextual details (e.g., Campos 2012; Gillreath-Brown and Peres 2017).
Ethnobiological Relations Embodied in
Song For many cultural groups, the land and the songs associated with it are connected intimately (Curran this issue; Koch 2013; Wafer and Turpin 2017). Music constructs and mobilizes close ties with the environment (Jackson and Levine 2002; Ranspot this issue; Sakakibara 2009; Xu et al. 2005) , fosters a sense of place (Post this issue), and enables connections with other living beings (Hutchins this issue). In addition, by recounting connections to particular landscapes, people can convey to others the historical and spiritual meanings of places (Thornton et al. this issue). The power of song to connect to homelands is also important for people who are no longer able to, or choosing not to, live in their traditional lands. For instance, even when he was away from his homeland, Kwaxsistalla Wathl'thla could share song traditions that invoked the landmarks of his clan territory. At once, this asserted his clan rights and prerogatives, his enduring bond with the land, and the many powers, teachings, and oral traditions that are linked to this landscape-even across vast distances.
Traditional music holds a significant place in the ways in which many cultural groups proclaim their collective history, which is often passed down over generations through oral transmission (Post 2007 (Post , 2019 Xu et al. 2005) . Because traditional songs reflect a depth of embodied experience about intimate, long-term relationships with landscapes, animals, plants, and other non-human beings, they are carriers of biocultural memory (Harris 2004; Post 2007 Post , 2019 ; Ranspot this issue). Because of this, traditional songs often provide information on historical relationships with the land and its resources that might not be recorded in other ways (Roseman 1998; Turner et al. 2013b ). Among the Yi people of China, for example, their songs and recitations of genealogical trees include numerous references to the forest, the land, rivers, animals, and other non-human beings at each location in which ancestors once lived (Xu et al. 2005 ). On the northwest coast of North America, Kwaxsistalla Wathl'thla's sharing of a Kwakwaka'wakw song about the history and ecology of clam gardens with academic researchers in 2002 opened the door to understanding this ancient form of Indigenous mariculture and prompted a surge of academic writings shaped by his cultural knowledge ( Figure  3 ; Deur et al. 2015; Lepofsky et al. 2015; Recalma-Clutesi et al. 2019) .
Songs can also trace Indigenous Peoples' experiences and relationships to the lands in which they have historically lived and traveled (Brown et al. 2013; Koch 2013; Post this issue (Feld 1990; Post 2019; Walsh et al. 2013) .
Music is also used in connection to spiritual practices and cosmologies where communication between humans and non-humans is paramount (Hoppál 2002; Joy 2014 Joy , 2015 Porath 2015; Salmón 2012; Walker 2003) . Many Indigenous groups perform music and chanting in shamanic ceremonies as a means to communicate with the spiritual world (e.g., Brabec de Mori 2013 Crate 2006; de Camargo Piedade 2013; Hill 2013) . For example, in many Amazonian communities, the shamans chant to implore the spirits to facilitate the hunt or show gratitude towards them after a successful hunting trip (Huanca 2008 ; Reyes-García and the land and each other through song (Roseman 1998) . Landforms and cultural keystone places become landmarks named and recorded in the songs they receive from the souls of the landscape-its plants and animals. In other words, the Temiar people "sing their maps: theoretically, in their epistemology of song composition and performance; melodically, in contours of pitch and phrasing; textually, in place names weighted with memory" (Roseman 1998:106) . However, these song maps rarely entered colonial or postcolonial discourses on land ownership or rights. This is surprising, as many traditional songs not only evoke images of places of cultural attachment, but also feature place names that have social, political, and historical Fernández-Llamazares this issue; Seeger 2004 Seeger , 2016 . Many Amazonian ritual songs illustrate the powerful bonds of kinship and reciprocity that Indigenous Peoples have traditionally maintained with the spiritual world and help to cultivate a philosophy of wildlife stewardship. Such songs teach that maintaining harmonious relations with forest deities is critical to ensuring the availability of game (Brabec de Mori 2013; Fernández-Llamazares et al. 2017; Seeger 2004) . Similar findings have been reported amongst the Yaqui and Seri people of the Sonora Desert, whose songs are seen as conversations with the non-human world (Salmón 2012) .
Indigenous Peoples and local communities often use musical instruments in addition to, or instead of, singing and other vocalizations to communicate with other beings and other worlds (Hill 2013; Wright 2011) . For example, flutes are extensively used in negotiation with master spirits across much of Amazonia (Daillant 2003; de Camargo Piedade 2013; Hill and Chaumeil 2011) . Similarly, rattles are common across much of North America (Gillreath-Brown this issue). In many Indigenous cultures, drums activate powerful interactions between people and animal spirits (Hultkrantz 1991) and have, thus, become symbols of the inseparability among humans, animals, and the environment (Joy 2014 (Joy , 2015 Pentikäinen 1998) . Among the Iñupiat people, drumbeats facilitate communications with whales and are an essential part of Iñupiat whaling lifeways (Sakakibara 2009 (Sakakibara , 2017 . Several studies have looked at the cultural basis of musical instrument making, where the knowledge of the primary materials for their construction is entangled in complex webs of relationality with the landscape (Dawe 2015; Ryan 2015) .
Erosion and Revitalization of Traditional
Music-making Systems As several of the papers in this issue document, traditional songs, along with other time-honored cultural practices, are at risk of attrition throughout the planet, primarily due to changes associated with globalization and environmental change (Baranovitch 2016; Grant 2016; Marett 2010; Sakakibara 2009; Wafer and Turpin 2007) . Many traditional music-making systems are under increasing threat, as new musical genres take center stage among Indigenous and local communities from all over the world (Curran et al. this issue; Guy 2017; Marett 2010; McDermott et al. 2016; Ventsel and Peers 2017) . In many communities, current social, economic, and cultural trends towards adopting Western lifestyles have weakened the networks for the intergenerational transmission of music, as young generations increasingly lean towards new forms of recreation and entertainment (Crate this issue; Grant 2016 Grant , 2017 Ryan 2015) . Given that there is virtually no documentation for many of these unique musical traditions, many of them risk dying with the elder generation (e.g., Reyes-García and Fernández-Llamazares this issue). Furthermore, many traditional musical instruments are also on the verge of extinction, as a direct result of the loss of certain species that are essential for their construction (Ryan 2015; Sakakibara 2009; Yamada 2017) and through prohibition laws on harvesting such species (Gillreath-Brown this issue).
Parallel to the erosion of traditional music-making, many studies have shown that ethnobiological knowledge is rapidly fading in many parts of the world (Aswani et al. 2018; Reyes-García et al. 2013; , with the intimate bonds between Indigenous Peoples and their local ecosystems rapidly loosening (Fernandez-Llamazares et al. 2015; Papworth et al. 2009 ). Ethnobiologists and ethnomusicologists alike agree that there is a gradual disappearance of some of the traditional institutions that were used to transfer knowledge (be it musical or ethnobiological) from generation to generation (Grant 2017; Tang and Gavin 2016 ways in which the field of language maintenance could inspire novel pathways to revitalizing endangered music genres. Similarly, greater collaboration between ethnobiologists and ethnomusicologists would support revitalization efforts for simultaneously safeguarding musical heritage, ethnobiological knowledge, and biocultural diversity (Reyes-García and Fernández-Llamazares this issue). Given the age-old power of music to connect living beings, it is a conservation imperative to preserve and honor ancient musical traditions and all they embody.
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We thank all the authors of this special issue for their inspiring work and their love and respect for music as a source of biocultural heritage. We are hugely grateful to Ogwi'low'gwa (Kim Recalma-Clutesi) and Douglas Deur for ensuring that we properly represented the knowledge and prerogatives of Kwaxsistalla Wathl'thla. Álvaro Fernández-Llamazares acknowledges the financial support from the Academy of Finland (grant agreement nr. 311176) and the Kone Foundation. Dana Lepofsky acknowledges Ken Lertzman and Gavia Lertzman-Lepofsky for infusing music into her daily life. gatherings for knowledge transmission (e.g., storytelling and music performances) are spaces for community-building and intergenerational exchange (Crate this issue; Fernández-Llamazares and Cabeza 2018; Legrain 2016); as such, the loss of musical heritage is arguably concomitant to the loss of knowledge, collective identity, and social cohesion (Grant et al. 2012a (Grant et al. , 2012b (Grant et al. , 2015 . It therefore seems that the parallel declines of traditional music, on the one hand, and ethnobiological knowledge, on the other, could be more directly related than previously thought.
Regardless of the many colonial and postcolonial attempts to obliterate and suppress the musical traditions of Indigenous Peoples and local communities (e.g., destruction and confiscation of hundreds of Sámi shamanic drums across much of Fennoscandia [Joy 2015] ), the papers in this issue show that their songs and chants have been resilient through time (Brader 2011 ; Ranspot this issue). The extent to which traditional music continues to be performed and celebrated in many Indigenous and local communities attests not just to the endurance of their cultures, but also to their deep cultural attachment to their lands as manifested through song (Curran et al. this issue). Many applied projects and initiatives, from grassroots to international levels, have emerged aiming to safeguard these musical and epistemic traditions in the face of pervasive globalization (Beng 2008; Grant 2015 Grant , 2017 Persoon and Schefold 2017; Wafer and Turpin 2017) .
In line with previous research on the maintenance of ethnobiological knowledge (e.g., Gómez-Baggethun and Reyes-García 2013; McCarter et al. 2014; Tang and Gavin 2016) , many of these initiatives are not only focused on the documentation and preservation of songs as a mere compilation of folklore but, more broadly, on conserving and revitalizing the sociocultural contexts in which songs are created, performed, and transmitted (Grant 2012b; Stubington 1987) . Grant (2014) has identified several
